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(57)Abstract: 

PURPOSE: To provide a surface acoustic wave device 
which has a signal processing subject frequency of 1GHz 
or more and utilizes a surface wave of a high 
transmitting speed and the small transmission loss by 
means of a single crystal substrate of lithium 
tetraborate. 

CONSTITUTION: A surface acoustic wave device 
contains a piezoelectric substrate consisting of a lithium 
tetraborate single crystal and an electrode which is 
formed on the surface of the piezoelectric substrate to 
excite, receive, reflect and transmit the surface acoustic 
waves. The electrode is formed so that the cutting angle 
of the substrate surface and the wave transmitting 
direction are set at 0° -45° , 30° -90° and 40° - 
90° in terms of the Euler angle display or within their 
equivalent ranges. The surface acoustic wave has a 
speed higher than a Rayleigh wave and a leaky wave. 
Furthermore the energy of the surface acoustic wave is 
partly radiated within the piezoelectric substrate in its 
transmission state. 
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[JP, 06- 112763, A] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The piezo electric substrate which consists of a tetraboric acid lithium single crystal The 
electrode for being formed in the front face of the aforementioned piezo electric substrate, exciting and 
receiving it, reflecting it and spreading a surface acoustic wave It is more than the speed of the quick 
traverse wave of the bulk wave which it is surface-acoustic-wave equipment equipped with the above, and 
the logging angle of the front face of the aforementioned piezo electric substrate and the propagation 
direction of a surface acoustic wave are Eulerian-angle displays (0 degree - 45 degrees, 30 degrees - 90 
degrees, 40 degrees - 90 degrees), and the aforementioned electrode is formed so that it may become 
within limits equivalent to it, and the speed of the aforementioned surface acoustic wave spreads in the 
same direction, and is characterized by not exceeding speed 

[Claim 2] The pie zo- electric substrate which consists of a tetraboric acid lithium single crystal The 
electrode for being formed in the front face of the aforementioned piezo electric substrate, exciting and 
receiving it, reflecting it and spreading a surface acoustic wave It is surface acoustic wave equipment 
equipped with the above, and the logging angle of the front face of the aforementioned piezo electric 
substrate and the propagation direction of a surface acoustic wave are Eulerian-angle displays (0 degree - 
45 degrees, 38 degrees - 55 degrees, 80 degrees - 90 degrees), and it is characterized by forming the 
aforementioned electrode so that it may become within limits equivalent to it. 

[Claim 3] Surface acoustic wave equipment which the logging angle of the front face of the 
aforementioned piezo electric substrate and the propagation direction of a surface acoustic wave are 
Eulerian-angle displays (0 degree - 45 degrees, 45 degrees - 50 degrees, 80 degrees - 90 degrees), and is 
characterized by forming the aforementioned electrode so that it may become within limits equivalent to 
it in surface acoustic- wave equipment according to claim 1 or 2. 

[Claim 4] Surface acoustic wave equipment which the logging angle of the front face of the 
aforementioned piezo electric substrate and the propagation direction of a surface acoustic wave are 
Eulerian-angle displays (0 degree - 2 degrees, 45 degrees - 50 degrees, 88 degrees - 90 degrees), and is 
characterized by forming the aforementioned electrode so that it may become within limits equivalent to 
it in surface-acoustic-wave equipment according to claim 3. 

[Claim 5] Surface acoustic- wave equipment which is formed with the metal with which the 
aforementioned electrode makes aluminum a principal component in surface-acoustic-wave equipment 
according to claim 1 to 4, and is characterized by the standardization thickness of the aforementioned 
electrode being about 5% or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is a tetraboric acid lithium single crystal (Li two B407). It is 

related with the used surface-acoustic-wave equipment. 

[0002] 

[Description of the Prior Art] Surface acoustic wave equipment is changing an electrical signal into a 
surface wave, is a circuit element which performs signal processing, and is used for a filter, a resonator, 
the delay line, etc. Usually, conversion and inverse transformation from an electrical signal to a surface 
wave are performed by preparing the metal electrode called tandem-type electrode (IDT, blind-like 
electrode) on an elastic body substrate (piezo electric substrate) with piezoelectric. 

[0003] As a surface acoustic wave, the Rayleigh wave is mainly used. A Rayleigh wave is a surface wave 
which spreads the front face of an elastic body, and it is spread without a theory top propagation loss, 
without diffusing the energy into a piezo electric substrate. Crystal, the lithium tantalate (LiTa03), etc. 
are known as a substrate material used for the surfaceacousticwave equipment using the Rayleigh wave. 
Although crystal is excellent in temperature stability, it is lacking in piezoelectric. On the contrary, 
although a lithium tantalate is excellent in piezoelectric, it is inferior in temperature stability. Using the 
surface acoustic wave (disclosure surface acoustic wave) spread while diffusing energy in the depth 
direction of another side where it considers as the material which fulfills both these properties, and the 
tetraboric acid lithium single crystal attracts attention (see JP,2-44169,B and JP,63-40044,B)> and the 
elastic body called Leakey wave as a surface acoustic wave in recent years is examined. Generally, 
although the propagation loss by diffusion cannot use the Leakey wave for surface acoustic wave 
equipment greatly, since there are comparatively few propagation losses, it can use in a special logging 
angle and the propagation direction. For example, the surface-acoustic-wave equipment using the lithium 
tantalate of 36 degreeY X cut from which the speed of about 4200 m/sec is obtained is known. 
[0004] A Rayleigh wave and the Leakey wave from the relational expression explained below The 
property it is calculable (it Campbell(s) J. - J. --) W. R.Jones and "A Method for Estimating 
OptimalCrystal Cuts and Propagation Directions for Excitation of PiezoelectricSurface Waves'* and IEEE 
transaction on Sonics and Ultrasonics, vol.SU-15, No.4, and pp. 209-217, (1968); T.C.Lim and G.W.Farnell, 
"Character of Pseudo Surface Waves on Anisotropic Crystals", The Journal of Acoustical Society 
ofAmerica, vol.45, no.4, and pp. 845-851 (1968), 

[0005] Generally, the propagation property of the surface acoustic wave which spreads a piezo electric 
substrate front face can he searched for by solving the charge equation which carried out semi- static 
approximation of the equation of motion and Maxwell's equations under a certain boundary condition. 
The equation of motion and a charge equation are shown below. 
[0006] 

[Equation l] 

CijklU k .iif e kij 0 ki -pU i ~ CI) 

[0007] 

[Equation 2] 

e ikl U k .ii - £jk 0 kj =0 - <2) 

However, for cijkl (2 i, j, k, 1= 1, 3), the tensor of an elastic coefficient and ekij (2 i, j, k= 1, 3) are [ the 
tensor of a dielectric constant and rho of the tensor of a piezoelectric constant and epsilonik (2 i k= 1, 3) ] 
densities. Ui The variation rate of each direction (let a direction perpendicular to the propagation 
direction XI of the surface acoustic wave which XI is contained in the propagation direction of a surface 
acoustic wave, and is contained on a piezo electric substrate front face in X2, and X3 be directions 
perpendicular to XI and X2) in the system of coordinates shown in drawing 1 is shown, and phi shows 



electrostatic potential and is shown by the following formula, respectively. 
[0008] 

[Equation 3] 

U-. = fi: ■ e^ ax 3 + M-vt) 



[0009] 

[Equation 4] 

d>= js d . e //r(aX3 + x pvt) 



However, alpha is x3. The attenuation coefficient of a direction, and betai An amplitude constant and 
kappa are [ time and v of the wave number and t ] phase velocity. First, the procedure of calculation of a 
Rayleigh wave is explained, the phase velocity v of the real number - assuming the above - variation 
rate Ui the shown formula (3) and the formula (4) showing the electrostatic potential phi v the equation 
of motion (l) and an electric-flux-density equation of continuity (2) substituting - amplitude constant 
betai ******** arrangement obtains the 8th equation of the attenuation coefficient alpha which makes 
the real number a coefficient As for an attenuation coefficient alpha, the solution to is acquired by solving 
this 8th equation. 

[0010] Since a wave amplitude must decrease to the depth direction of a substrate in order to be a surface 
wave, an attenuation coefficient alpha will choose the solution (Im(alpha (n)) <0, n= 1, and [2, 3, 4]) whose 
imaginary part is negative. It corresponds to each selected attenuation coefficient alpha, and is four 
amplitude constant betai -beta4. It is computed. By referring to this corresponding amplitude constant 
betai, four attenuation coefficients alpha are xl. The longitudinal-wave component and x2 which make 
the variation rate of a direction a principal component A direction or x3 It turns out that it deals with two 
kinds of traverse-wave components which make the variation rate of a direction a principal component, 
and the electromagnetic wave component which makes electrostatic potential a principal component, 
respectively. Since the component of these four surface acoustic waves can be spread, the variation rate 
Ui of each direction of a surface acoustic wave and the electrostatic potential phi which can be spread can 
be expressed with the linear combination in the four modes like the following formula, respectively. 
[0011] 

[Equation 5] 

Uj= £ A (n) . ^.Cn) . e ^(aCn>x 3 +x r vt) ... (S) 
n=1 

[0012] 

[Equation 6] 

(D- £ A (n > ^ 4 (n) . e'*(* (n) >3 + x r v0 -(B) 
n=l 

However, A (n) The gain in each mode is shown. Next, the propagation property of a surface acoustic wave 
is dispelled by giving boundary condition to the above-mentioned formula (5) and (6). In boundary 
condition [x3 =0 as boundary condition, it is shown that the stress on the front face of an elastic body is 
zero - mechanical - T13=T23=T33=0] and the piezo electric substrate front face are opened wide - x3 
[ namely, ] of the electric flux density in a front face In boundary condition [x3 =0 a direction component 
calls it zero - electric - In D3 =0] and boundary condition [x3 =0 that the potential in a front face is zero 
in a surface short circuit, it is phi=0]. By asking for the phase velocity v with which are satisfied of these 
boundary condition, the propagation property of the surface acoustic wave called Rayleigh wave can be 
dispelled. 

[0013] Next, the computational procedure of the Leakey wave is explained. In calculation of an 
above-mentioned Rayleigh wave, in case the above-mentioned formula (3) and (4) are substituted for a 
formula (l) and (2) and it asks for an attenuation coefficient alpha, a bird clapper is in the real number, 
without the solution of an attenuation coefficient alpha serving as a complex conjugate with the value of 



the phase velocity v to assume. For example, when the phase velocity v quicker than a Rayleigh wave is 
assumed, the imaginary part of the attenuation coefficient alpha corresponding to one traverse -wave 
component (henceforth "the 1st traverse-wave component") serves as zero (namely, real root), and the 
component which is not decreased to the depth direction of a piezo-electric substrate exists. Therefore, the 
energy of a surface acoustic wave produces a propagation loss in order not to concentrate on a substrate 
front face completely but to diffuse energy in the depth direction of a piezo-electric substrate. 
[0014] In this case, if phase velocity v is computed as complex as expression on the number of a 
propagation loss, the coefficient of the 8th equation for asking for an attenuation coefficient alpha will 
also turn into complex. It corresponds to three components other than the 1st traverse-wave component, 
and three solutions in which an amplitude decreases to the depth direction of a substrate are chosen from 
eight solutions of this attenuation coefficient alpha. Furthermore, the propagation property of a surface 
acoustic wave is dispelled by corresponding to the 1st traverse-wave component, choosing the solution in 
which an amplitude increases to the depth direction of a substrate as other one solution, and giving the 
boundary condition mentioned above to the above-mentioned formula (5) and (6). Thus, generally the 
solved surface acoustic wave is called Leakey wave (disclosure surface acoustic wave). 
[0015] 

[Problem(s) to be Solved by the Invention] However, in the surface-acoustic-wave equipment which used 
the tetraboric acid lithium single crystal for substrate material, the velocity of propagation of a Rayleigh 
wave was comparatively slow, and since the Leakey wave of a propagation loss low enough was not found 
out, either, it was difficult [ it ] to make object frequency of the signal processing high. 
[0016] That is, the electrode width of face and the electrode spacing of a tandem-type electrode QDT) are 
usually set as the quadrant (lambda/4) of the wavelength of the surface acoustic wave corresponding to 
the target signal frequency. The velocity of propagation of the Rayleigh wave on a tetraboric acid lithium 
single crystal is about 3400 m/sec, and in order to be aimed at signal frequency 1GHz or more, electrode 
width of face and an electrode spacing 1 micrometer or less are needed. Therefore, the manufacture yield 
of a tandem-type electrode falls and manufacture of surface-acoustic-wave equipment becomes it is 
remarkable and difficult. 

[0017] Since surface acoustic wave equipment [ as / whose object frequency of signal processing is 1GHz 
or more ] is put in practical use, the purpose of this invention is to offer the surface-acoustic-wave 
equipment with which a tetraboric acid lithium single crystal substrate is used, and velocity of 
propagation uses a surface wave with few propagation losses quickly 
[0018] 

[Means for Solving the Problem and its Function] In the surface-acoustic-wave equipment which has an 
electrode for the surface-acoustic-wave equipment by the 1st this invention being formed in the front face 
of the piezo electric substrate which consists of a tetraboric acid lithium single crystal, and a 
piezo-electric substrate, and exciting and receiving it, reflecting it and spreading a surface acoustic wave 
The logging angle of the front face of a piezo-electric substrate and the propagation direction of a surface 
acoustic wave are an Eulerian angle display (0 degree - 45 degrees). It is more than the speed of the quick 
traverse wave of the bulk wave which an electrode is formed so that it may become within limits 
equivalent to 30 degrees - 90 degrees, 40 degrees - 90 degrees, and it, and the speed of a surface acoustic 
wave spreads in the same direction, and is characterized by not exceeding speed of a longitudinal wave. 
[0019] Moreover, the surface-acoustic-wave equipment by the 2nd this invention In the 
surface-acoustic-wave equipment which has an electrode for being formed in the front face of the 
piezo electric substrate which consists of a tetraboric acid lithium single crystal, and a piezo electric 
substrate, exciting and receiving it, reflecting it and spreading a surface acoustic wave The logging angle 
of the front face of a piezo electric substrate and the propagation direction of a surface acoustic wave are 
Eulerian- angle displays (0 degree - 45 degrees, 38 degrees - 55 degrees, 80 degrees - 90 degrees), and it is 
characterized by forming the electrode so that it may become within limits equivalent to it. In this case, 
as a substrate logging side which is a front face of a piezo electric substrate, (Oil), (345), (255), (231), 
(356), (112), (123), (233), (134), (122), (234), (023), (145), (156), (165), etc. can be used (347). 
[0020] Furthermore, the logging angle of the front face of a piezo electric substrate and the propagation 
direction of a surface acoustic wave are Eulerian-angle displays (0 degree - 45 degrees, 45 degrees - 50 
degrees, 80 degrees - 90 degrees), and it is desirable to form the electrode within limits equivalent to it. 
Moreover, as a substrate logging side, it is desirable to use (Oil), (345), (255), (231), etc. (356). It is 
desirable to be within the limits which can use a field as a substrate logging side (Oil) especially, i.e., an 
Eulerian angle display, (0 degree - 2 degrees, 45 degrees - 50 degrees, 88 degrees - 90 degrees), and to 
form the electrode within limits equivalent to it. 

[0021] It is formed with the metal with which an electrode makes aluminum a principal component 
further again, and it is desirable for the thickness of an electrode to be about 5% or less of 



surface -acoustic -wave wavelength. When the logging angle of a substrate and the propagation direction of 
a surface acoustic wave were set as the specific range, invention-in-this-application persons predicted 
that the surface acoustic wave (book SAW) which spreads the front face of a piezo electric substrate 
existed, emitting two kinds of traverse-wave components to the interior of a piezo-electric substrate as a 
bulk wave by making a longitudinal-wave component into a principal component, and checked by the 
simulation. 

[0022] When Book SAW develops the theory of the Leakey wave further and the phase velocity v of the 
real number quicker than the Leakey wave is assumed, both the imaginary part of the attenuation 
coefficient corresponding to two kinds of traverse -wave components serves as zero (namely both real root), 
and two kinds of components which are not decreased in the depth direction of a piezo-electric substrate 
exist. The formula (3) mentioned above and (4) are substituted for the simulation of Book SAW a formula 
(l) and (2). In case it asks for an attenuation coefficient alpha from the phase velocity v extended to 
complex, it corresponds to two kinds of traverse-wave components (the 1st traverse-wave component and 
2nd traverse-wave component). The solution in which an amplitude increases to the depth direction of a 
substrate was chosen, respectively, it corresponded to the longitudinal- wave component and the 
electromagnetic wave component as other two attenuation coefficients alpha, and the solution in which 
an amplitude decreases to the depth direction of a substrate was chosen. That is, Book SAW is a surface 
acoustic wave which spreads a front face, emitting energy to the interior of a substrate by making two 
kinds of traverse-wave components into a bulk wave. 

[0023] Thus, the phase velocity v for which it asked to xl It asked for the phase velocity vp of a direction, 
the electromechanical coupling coefficient k2, the propagation loss L, and the frequency temperature 
coefficient TCR These phase velocity vp, an electromechanical coupling coefficient k2, a propagation loss 
L, and the frequency temperature coefficient TCF are shown in the following formula. 
[0024] 

[Equation 7] 



ReU/v) 

[0025] 

[Equation 8] 

k 2 = g tv PQ~ v PS* 



[0026] 

[Equation 9] 

I m(v> 

L = 2 r x 8. 6 8 6x 

Re(v) 

[0027] 

[Equation 10] 

1 d v n 

TC F= E -a 

v p dT 

Here, for vpo and vps, a front face is xl of electric opening and an electric short circuit, respectively. The 
phase velocity of a direction and alpha are xl. It is the coefficient of thermal expansion of a direction. The 
simulation was performed for the purpose of calculating the surface-acoustic-wave property when 
changing the logging angle and the propagation direction of a tetraboric acid lithium single crystal 
substrate. The arbitrary propagation properties of a logging angle and the propagation direction are 
searched for by calculating to the elastic coefficient changed by the Eulerian angle (phi, theta, psi), a 
piezoelectric constant, and a dielectric constant. Moreover, the phase velocity of the bulk wave (a 
longitudinal wave, a quick traverse wave, late traverse wave) spread to the same direction was calculated. 
[0028] Here, an Eulerian- angle display (phi, theta, psi) is explained using drawing 31 . It is Xl like the 
system of coordinates shown in drawing 1 . The propagation direction of a surface acoustic wave, and X2 
The propagation direction Xl of the surface acoustic wave contained on a piezo electric substrate front 
face A perpendicular direction and X3 Xl And X2 It considers as a perpendicular direction. Xl X2 And X3 
When it is X, Y, and Z (or a, b, and c) of a crystallographic axis, respectively, it considers as the Eulerian 



angle (0 degree, 0 degree, 0 degree) of criteria. It is X3 first. It is the propagation direction XI of a surface 
acoustic wave centering on a shaft. XI which only phi made it rotate in the direction of Y, and next rotated 
from X It is X3 [ perpendicular to a substrate front face ] centering on a shaft. Only theta makes a 
counterclockwise rotation rotate a shaft from the Zaxis. And X3 which made it rotate It is the 
propagation direction XI in the substrate front face centering on a shaft. The direction (the propagation 
direction of a surface acoustic wave including the logging angle (cut side) of a substrate) where only psi is 
again obtained by rotating counterclockwise is expressed as an Eulerian angle (phi, theta, psi). 
[0029] Next, a simulation result is explained using drawing 2 or drawing 22 . Drawing 2 or drawing 4 is in 
the surface -acoustic wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face the phase velocity 
vp of the surface acoustic wave at the time of making the propagation direction of a surface acoustic wave 
into (0 degree, theta, 90 degrees) by Eulerian-angle display, and changing an angle theta, an 
electromechanical coupling coefficient k2, and as a result of [ of the propagation loss L per one wave of 
surface acoustic wave ] a simulation. 

[0030] As shown in drawing 2 , even if an angle theta changes, the phase velocity of Book SAW is always 
very as high speed as 5000 - 7500 m/sec, is quicker than the quick traverse wave of a bulk wave, and does 
not exceed the phase velocity of a longitudinal wave. Moreover, as shown in drawing 3 , Book SAW is 
generated in the latus range whose angle theta is 25 degrees ■ 90 degrees, at 38 degrees - 70 degrees, 0.6% 
or more, especially an angle theta are obtained, and 1% or more of electromechanical coupling coefficient 
is obtained for an angle theta at 40 degrees * 60 degrees. Furthermore, as shown in drawing 4 , the angle 
theta of a propagation loss is small at about 55 degrees or less. 

[0031] Therefore, Book SAW has a large electromechanical coupling coefficient at within the limits whose 
angle theta is 38 degrees - 55 degrees, and a propagation loss becomes small. Especially, in the range 
whose angle theta is 45 degrees ■ 50 degrees, a propagation loss becomes smaller. In these ranges, since 
about 1/of Rayleigh waves is the speed of 3000 * 4000 m/sec of 2 compared with Book SAW, the Leakey 
wave does not exist. 

[0032] Drawing 5 or drawing 7 is the phase velocity vp at the time of making the propagation direction of 
a surface acoustic wave into (15 degrees, theta, 90 degrees) by Eulerian angle display, and changing an 
angle theta, an electromechanical coupling coefficient k2, and as a result of [ of a propagation loss L ] a 
simulation. Moreover, drawing 8 or drawing 10 is the phase velocity vp at the time of making the 
propagation direction of a surface acoustic wave into (30 degrees, theta, 90 degrees) by Eulerian-angle 
display, and changing an angle theta, an electromechanical coupling coefficient k2, and as a result of [ of a 
propagation loss L ] a simulation. Furthermore, drawing 11 or drawing 13 is the phase velocity vp at the 
time of making the propagation direction of a surface acoustic wave into (45 degrees, theta, 90 degrees) by 
Eulerian-angle display, and changing an angle theta, an electromechanical coupling coefficient k2, and as 
a result of [ of a propagation loss L ] a simulation. 

[0033] When the symmetric property of a tetraboric acid lithium is taken into consideration so that 
clearly from these drawing 2 or drawing 13 , regardless of the angle phi of an Eulerian-angle display (phi, 
theta, psi), the book SAW with a quick phase velocity exists in within the limits whose angle theta is 30 
degrees - 90 degrees, and within.the limits whose angle theta is 38 degrees - 55 degrees understands that 
phase velocity is quick, an electromechanical coupling coefficient is large, and a propagation loss is small 
for Book SAW. Especially, in the range which is 45 degrees - 50 degrees, the propagation loss of Book SAW 
has a still smaller angle theta. Moreover, the phase velocity of Book SAW is quicker than the quick 
traverse wave of a bulk wave, and does not exceed the phase velocity of a longitudinal wave. 
[0034] Next, simulation calculation of the propagation property of the surface acoustic wave in the cut 
(Oil) side (they are (0 degree, 47.3 degrees, psi) by Eulerian-angle display) of a piezo electric substrate 
was carried out. Drawing 14 or drawing 16 is the phase velocity vp at the time of being referred to as (0 
degree, 47.3 degrees, psi) by Eulerian-angle display, and changing an angle psi, an electromechanical 
coupling coefficient k2, and as a result of [ of a propagation loss L ] a simulation. 

[0035] The phase velocity of Book SAW is always very as high speed as 7000 - 7500 m/sec, even if an angle 
theta changes, as shown in drawing 14 . Moreover, as shown in drawing 15 , Book SAW exists in the range 
whose angle psi is 40 degrees - 90 degrees, and a high electromechanical coupling coefficient is obtained 
in the range whose angle psi is 80 degrees - 90 degrees. Furthermore, as shown in drawing 16 , as for the 
propagation loss of Book SAW, an angle psi becomes very low in 88 degrees - 90 degrees. Therefore, when 
an angle psi is 90 degrees, an electromechanical coupling coefficient serves as the maximum and, as for 
Book SAW, a propagation loss serves as the minimum. 

[0036] Next, simulation calculation of the propagation property of a surface acoustic wave in case the 
propagation directions of a surface acoustic wave are (0 degree, 47.3 degrees, 90 degrees) in an 
Eulerian-angle display was carried out. Drawing 17 or drawing 20 makes an electrode material the 



metallic material which makes aluminum a principal component, and the calculation result of the phase 
velocity vp at the time of changing the thickness of an electrode, an electromechanical coupling coefficient 
k2, a propagation loss L, and the frequency temperature coefficient TCF is shown. Setting to this 
simulation calculation, electric opening is x3 at the interface of a metal membrane and a substrate. In 
thing [x3 =0 whose electric flux density of a direction is zero, D3 =0] was meant, and in thing [x3 =0 whose 
potential of a metal membrane is zero as electric simplistic, it calculated for meaning phi=0]. 
[0037] If standardization thickness h/lambda which standardized the thickness h of an electrode on the 
wavelength lambda of a surface acoustic wave is changed to 6.0% from 0.0%, as are shown in drawing 17 , 
and phase velocity falls gradually and is shown in drawing 18 , an electromechanical coupling coefficient 
will increase from 1.2% to 3.1%. Moreover, it turns out that standardization thickness hAambda of a 
propagation loss is very as low as 0.01 or less dB/lambda as shown in drawing 19 in 0.0 to 6.0% of range. 
Furthermore, as a frequency temperature coefficient is shown in drawing 20 , in 0.0 to 5.0% of range, the 
outstanding temperature characteristic about 20 ppm [/degree C ] or less is obtained for standardization 
thickness h/lambda. 

[0038] Next, in order to check the property of Book SAW, it calculated about the variation rate of the 
depth direction of a substrate, and the potential distribution. In the case of (0 degree, 47.3 degrees, 90 
degrees), the propagation direction of a surface acoustic wave of drawing 21 and drawing 22 is in an 
Eulerian-angle display as a result of [ in case the standardization thickness of an electrode (aluminum) is 
3% ] a simulation. Drawing 21 is as a result of [ in electric opening ] calculation, and drawing 22 is as a 
result of [ in an electric short circuit ] calculation. In drawing 21 and drawing 22 , a horizontal axis is the 
relative-amplitude value of a variation rate Ul (variation rate of the xl direction), a variation rate U3 
(variation rate of the x3 direction), and the electrostatic potential phi, and a vertical axis is the 
standardization depth from the substrate front face standardized on wavelength. 

[0039] It is concentrating near a substrate front face and the variation rate of a surface acoustic wave and 
electrostatic potential have a dominant longitudinal- wave component so that clearly from drawing 21 and 
drawing 22 . Thus, since according to the 1st this invention it is an Eulerian-angle display (0 degree - 45 
degrees, 30 degrees - 90 degrees, 40 degrees - 90 degrees) and the logging angle of a tetraboric acid 
lithium single crystal substrate and the propagation direction of a surface acoustic wave were made into 
within the limits equivalent to it, velocity of propagation can realize the surface acoustic wave equipment 
using the high- speed surface acoustic wave quicker than a Rayleigh wave and the Leakey wave. 
[0040] Moreover, since according to the 2nd this invention it is an Eulerian-angle display (0 degree - 45 
degrees, 38 degrees - 55 degrees, 80 degrees - 90 degrees) and the logging angle of a tetraboric acid 
lithium single crystal substrate and the propagation direction of a surface acoustic wave were made into 
within the limits equivalent to it, velocity of propagation can realize quickly the surface-acoustic-wave 
equipment with which the electromechanical coupling coefficient used sufficient surface acoustic wave. 
[0041] furthermore, this range - and (0 degree - 45 degrees, 45 degrees * 50 degrees, 80 degrees - 90 
degrees) the range, then a propagation loss equivalent to it are low enough, and velocity of propagation 
can realize the surface -acoustic -wave equipment using surface acoustic wave with a sufficient 
electromechanical coupling coefficient quickly If the electrode of surface -acoustic wave equipment 
consists of metals which make aluminum a principal component and makes standardization thickness of 
an electrode about 5% or less further again, an electromechanical coupling coefficient can use a bigger 
surface acoustic wave, and can realize surface acoustic wave equipment excellent in the temperature 
characteristic. 

[0042] In addition, since it has the symmetric property of 4mm of point groups and the property of a 
surface acoustic wave also has predetermined symmetric property, a tetraboric acid lithium single crystal 
also includes the equivalent (0 degree - 360 degrees, 38 degrees - 55 degrees, 80 degrees - 100 degrees) 
direction of the direction shown by the above-mentioned Eulerian angle. 
[0043] 

[Example] The surface-acoustic-wave equipment by one example of this invention is explained using 
drawing 23 or drawing 28 . The surface acoustic wave equipment by this example is shown in drawing 23 . 
The surface acoustic- wave equipment of this example is a transversal filter, the input Kushigata 
electrode 22 and the output Kushigata electrode 23 which consist of a double interchange digital electrode 
of electrode line breadth lambda / 8 are formed in the front face of the piezo electric substrate 21 which 
consists of a tetraboric acid lithium single crystal whose principal plane is a field (Oil), and the metal 
membrane 24 is formed in the propagation field between these input Kushigata electrode 22 and the 
output Kushigata electrode 23. 

[0044] The input Kushigata electrode 22 and the output Kushigata electrode 23 are 20 pairs, the period of 
8 micrometers (electrode line breadth of 1 micrometer), and 400 micrometers of opening length, and are 
formed in sense from which the propagation direction of a surface acoustic wave becomes (0 degree, 47.3 



degrees, 90 degrees) by Eulerian-angle display, respectively. The input tandem-type electrode 22, the 
output Kushigata electrode 23, and the metal membrane 24 are formed with the aluminum film of the 
same thickness. 

[0045] The velocity of propagation of a surface acoustic wave was measured from the frequency of the 
peak of the passage frequency characteristic, the electromechanical coupling coefficient of a surface 
acoustic wave was measured from the radiation admittance of a tandem-type electrode, the propagation 
loss of a surface acoustic wave was measured from change of the insertion loss at the time of changing 
propagation path length with lOOlambda (lambda being the wavelength of a surface acoustic wave), 
2001ambda, and 3001ambda, and the frequency temperature coefficient TCF of a surface acoustic wave 
was measured from the temperature change of the phase of the passage frequency characteristic. 
[0046] The thickness of drawing 24 of an aluminum film is as a result of [ of the passage frequency 
characteristic in case the length of 177nm (2.2% as standardization thickness) and a propagation path is 
800 micrometers ] measurement. The peak corresponding to Book SAW has appeared in the position with 
a frequency of 832MHz so that clearly from drawing 24 . The insertion loss of this book SAW is as small as 
13.7dB, and velocity of propagation is very as high speed as 6656 m/sec. 

[0047] Moreover, the peak corresponding to the Rayleigh wave has appeared in the position with a 
frequency of 400MHz. The insertion loss of this Rayleigh wave is 24.1dB, and velocity of propagation is 
3204 m/sec. An experiment and the calculation of a Rayleigh wave [ Book SAW and ] correspond well. The 
measurement result (- shows) of the velocity of propagation at the time of changing the thickness of an 
aluminum film, an electromechanical coupling coefficient, a propagation loss, and a frequency 
temperature coefficient is shown in drawing 25 , drawing 26 , drawing 27 , and drawing 28 with a 
calculation result, respectively. 

[0048] The experimental result was well in agreement with the calculation result, and the propagation 
property good as surface acoustic- wave equipment for RFs was acquired so that clearly from drawing 25 
or drawing 28 . For example, when the standardization thickness of an aluminum film is 2%, as for a 
propagation loss, about 0.016 dB/lambda is obtained about 2.8%, and, as for about 6650 m/sec and an 
electromechanical coupling coefficient, an about [ +30ppm/degree C ] propagation property is acquired for 
velocity of propagation, as for TCF. 

[0049] Next, the surface-acoustic-wave equipment by other examples of this invention is explained using 
drawing 29 . Like the surface-acoustic-wave equipment which shows the surface-acoustic-wave 
equipment of this example to drawing 23 , the input Kushigata electrode 22 and the output Kushigata 
electrode 23 are formed in the front face of the piezo-electric substrate 21 which consists of a tetraboric 
acid lithium single crystal, and the metal membrane 24 is formed in the propagation field between these 
input Kushigata electrode 22 and the output Kushigata electrode 23. By the Eulerian-angle display, the 
logging angle of the piezo electric substrate 21 and the propagation direction of a surface acoustic wave 
are (45 degrees, 40 degrees, 90 degrees), and produced other composition like the above-mentioned 
example. 

[0050] The thickness of drawing 29 of an aluminum film is as a result of [ of the passage frequency 
characteristic in case the length of 245nm (2.2% as standardization thickness) and a propagation path is 
800 micrometers ] measurement. The peak corresponding to Book SAW has appeared in the position with 
a frequency of 883MHz so that clearly from drawing 29 . The insertion loss of this book SAW is as small as 
38.5dB, velocity of propagation is very as high- speed as 7070 m/sec, and an electromechanical coupling 
coefficient is 1 .6% . 

[0051] Moreover, the peak corresponding to the Rayleigh wave has appeared in the position with a 
frequency of 389 MHz. The insertion loss of this Rayleigh wave is 25.6dB, and velocity of propagation is 
3110 m/sec. The experimental result of a Rayleigh wave [ Book SAW and ] corresponds in a calculation 
result well. Not only the above-mentioned example but various deformation is possible for this invention. 
[0052] In the above-mentioned example, as are shown in drawing 30 (a) and the input tandem- type 
electrode 22 and the output Kushigata electrode 23 are shown in the front face of the piezo-electric 
substrate 21 on it at drawing 30 although the electrode finger 25 of the tandem-type electrodes 22 and 23 
is directly formed in piezo electric substrate 21 front face of surface acoustic wave equipment, various 
cross-section structures are possible. For example, as shown in drawing 30 (b), between the electrode 
fingers 25 may be fill uped with the insulating layers 26, such as Si02 and aluminum 203. moreover, it is 
shown in drawing 30 (c) - as - the electrode finger 25 whole - Si02 and aluminum 203 etc. - you may 
bury by the insulating layer 27 Moreover, as shown in drawing 30 (d), you may form the electrode finger 
25 on the insulating layer 27 formed on the piezo electric substrate 21. Moreover, as shown in drawing 30 
(e), piezo electric substrate 21 front face may be dug, a slot may be formed, and the electrode finger 25 
may be buried in the slot. In addition, it is considered that the thickness h of drawing 30 (c) and the 
electrode in (d) is the thickness which applied the thickness of the electrode finger 25 and an insulating 



layer 27. 

[0053] Moreover, the metallic material which makes a principal component the gold other than the 
metallic material which makes aluminum a principal component can also be used for the metal which 
constitutes the Kushigata electrode of surface-acoustic-wave equipment. You may add silicon, copper, etc. 
to these metallic materials. Moreover, it is good also as an electrode of multilayer structure combining a 
titanium layer, a tungsten layer, etc. Furthermore, although the surface-acoustic- wave equipment of the 
above-mentioned example was the transversal filter which prepared the metal membrane on the 
propagation path, it is not necessary to prepare a metal membrane on a propagation path. 
[0054] Moreover, different structure is sufficient as the surface-acoustic-wave equipment of the 
above-mentioned example. For example, this invention is applicable also to the resonator type filter 
which prepared the tandem-type electrode between the grating reflectors of a couple, and a resonator. 
Moreover, this invention is also applicable also to the surface-acoustic-wave equipment of structure (IIDT 
structure) which connected many tandem-type electrodes in parallel. 
[0055] 

[Effect of the Invention] Since according to the 1st this invention it is an Eulerian-angle display (0 degree 
- 45 degrees, 30 degrees - 90 degrees, 40 degrees * 90 degrees) and the logging angle of a tetraboric acid 
lithium single crystal substrate and the propagation direction of a surface acoustic wave were made into 
within the limits equivalent to it as explained above, velocity of propagation can realize the 
surface -acoustic wave equipment using the high speed surface acoustic wave quicker than a Rayleigh 
wave and the Leakey wave. 

[0056] Moreover, since according to the 2nd this invention it is an Eulerian-angle display (0 degree - 45 
degrees, 38 degrees - 55 degrees, 80 degrees - 90 degrees) and the logging angle of a tetraboric acid 
lithium single crystal substrate and the propagation direction of a surface acoustic wave were made into 
within the limits equivalent to it, velocity of propagation can realize quickly the surface-acoustic-wave 
equipment with which the electromechanical coupling coefficient used sufficient surface acoustic wave. 
[0057] furthermore, this range - and (0 degree - 45 degrees, 45 degrees - 50 degrees, 80 degrees - 90 
degrees) the range, then a propagation loss equivalent to it are low enough, and velocity of propagation 
can realize the surface-acoustic-wave equipment using surface acoustic wave with a sufficient 
electromechanical coupling coefficient quickly If the electrode of surface-acoustic-wave equipment 
consists of metals which make aluminum a principal component and makes standardization thickness of 
an electrode about 5% or less further again, an electromechanical coupling coefficient can use a bigger 
surface acoustic wave, and can realize surface acoustic wave equipment excellent in the temperature 
characteristic. 

[0058] Therefore, according to this invention, velocity of propagation is quick, sufficient electromechanical 
coupling coefficient is obtained, a propagation loss is low, and since the equipment using the surface 
acoustic wave excellent also in the temperature characteristic is realizable, it can respond to the demand 
of the further high frequency operation enough. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is drawing having shown the system of coordinates used for the simulation of a surface 
acoustic wave, and boundary condition. 

[Drawing 2l Phase velocity vp at the time of changing the logging angle of a tetraboric acid lithium single 
crystal substrate, and the angle theta of the propagation direction (0 degree, theta, 90 degrees) in the 
surface-acoustic-wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face It is the graph 
which shows a simulation result. 

[Drawing 31 Electromechanical coupling coefficient k2 at the time of changing the logging angle of a 
tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction (0 degree, 
theta, 90 degrees) in the surface -acoustic wave equipment with which the electrode which makes 
aluminum a principal component was formed in the tetraboric acid lithium single crystal substrate front 
face It is the graph which shows a simulation result. 

[Drawing 41 In the surface acoustic -wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of changing the logging 
angle of a tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction 
(0 degree, theta, 90 degrees). 

[Drawing 5l Phase velocity vp at the time of changing the logging angle of a tetraboric acid lithium single 
crystal substrate, and the angle theta of the propagation direction (15 degrees, theta, 90 degrees) in the 
surface-acoustic-wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face It is the graph 
which shows a simulation result. 

[Drawing 6l Electromechanical coupling coefficient k2 at the time of changing the logging angle of a 
tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction (15 
degrees, theta, 90 degrees) in the surface-acoustic-wave equipment with which the electrode which makes 
aluminum a principal component was formed in the tetraboric acid lithium single crystal substrate front 
face It is the graph which shows a simulation result. 

[Drawing 7l In the surface acoustic- wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of changing the logging 
angle of a tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction 
(15 degrees, theta, 90 degrees). 

I Drawing 81 Phase velocity vp at the time of changing the logging angle of a tetraboric acid lithium single 
crystal substrate, and the angle theta of the propagation direction (30 degrees, theta, 90 degrees) in the 
surface acoustic- wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face It is the graph 
which shows a simulation result. 

[Drawing 91 Electromechanical coupling coefficient k2 at the time of changing the logging angle of a 
tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction (30 
degrees, theta, 90 degrees) in the surface-acoustic-wave equipment with which the electrode which makes 
aluminum a principal component was formed in the tetraboric acid lithium single crystal substrate front 
face It is the graph which shows a simulation result. 

[Drawing 101 In the surface-acoustic-wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of changing the logging 
angle of a tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction 
(30 degrees, theta, 90 degrees). 



[Drawing 111 Phase velocity vp at the time of changing the logging angle of a tetraboric acid lithium 
single crystal substrate, and the angle theta of the propagation direction (45 degrees, theta, 90 degrees) in 
the surface-acoustic-wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face It is the graph 
which shows a simulation result. 

rDrawing 12l Electromechanical coupling coefficient k2 at the time of changing the logging angle of a 
tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction (45 
degrees, theta, 90 degrees) in the surface-acoustic-wave equipment with which the electrode which makes 
aluminum a principal component was formed in the tetraboric acid lithium single crystal substrate front 
face It is the graph which shows a simulation result. 

I Drawing 13l In the surface -acoustic -wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of changing the logging 
angle of a tetraboric acid lithium single crystal substrate, and the angle theta of the propagation direction 
(45 degrees, theta, 90 degrees). 

drawing 141 Phase velocity vp at the time of changing the propagation direction psi on the cut (Oil) side 
of a tetraboric acid lithium single crystal substrate in the surface acoustic wave equipment with which 
the electrode which makes aluminum a principal component was formed in the tetraboric acid lithium 
single crystal substrate front face It is the graph which shows a simulation result. 

I Drawing 151 Electromechanical coupling coefficient k2 at the time of changing the propagation direction 
psi on the cut (Oil) side of a tetraboric acid lithium single crystal substrate in the surface-acoustic-wave 
equipment with which the electrode which makes aluminum a principal component was formed in the 
tetraboric acid lithium single crystal substrate front face It is the graph which shows a simulation result. 
I Drawing 161 In the surface-acoustic-wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of changing the 
propagation direction psi on the cut (Oil) side of a tetraboric acid lithium single crystal substrate. 
1 Drawing 171 Phase velocity vp at the time of making the logging angle and the propagation direction of a 
tetraboric acid lithium single crystal substrate into an Eulerian angle (0 degree, 47.3 degrees, 90 degrees), 
and changing standardization thickness h/lambda of an electrode in the surface acoustic wave equipment 
with which the electrode which makes aluminum a principal component was formed in the tetraboric acid 
lithium single crystal substrate front face, It is the graph which shows a simulation result. 
[Drawing 181 Electromechanical coupling coefficient k2 at the time of making the logging angle and the 
propagation direction of a tetraboric acid lithium single crystal substrate into an Eulerian angle (0 degree, 
* 47.3 degrees, 90 degrees), and changing standardization thickness h/lambda of an electrode in the 
surface-acoustic-wave equipment with which the electrode which makes aluminum a principal 
component was formed in the tetraboric acid lithium single crystal substrate front face, It is the graph 
which shows a simulation result. 

[Drawing 19l In the surface acoustic wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the propagation loss L at the time of making the logging angle 
and the propagation direction of a tetraboric acid lithium single crystal substrate into an Eulerian angle 
(0 degree, 47.3 degrees, 90 degrees), and changing standardization thickness h/lambda of an electrode. 
[Drawing 20l In the surface-acoustic-wave equipment with which the electrode which makes aluminum a 
principal component was formed in the tetraboric acid lithium single crystal substrate front face, it is the 
graph which shows the simulation result of the frequency temperature coefficient TCP at the time of 
making the logging angle and the propagation direction of a tetraboric acid lithium single crystal 
substrate into an Eulerian angle (0 degree, 47.3 degrees, 90 degrees), and changing standardization 
thickness h/lambda of an electrode. 

[Drawing 2ll In the surface-acoustic-wave equipment with which the electrode which makes aluminum a 
principal component was formed, it is the graph which shows the displacement distribution Ul of the 
depth direction of a substrate in case a substrate front face is electric opening, U3, and the simulation 
result of the potential distribution phi so that the propagation direction of a surface acoustic wave may 
become (0 degree, 47.3 degrees, 90 degrees) on a tetraboric acid lithium single crystal substrate front face. 
[Drawing 22l In the surface-acoustic-wave equipment with which the electrode which makes aluminum a 
principal component was formed, it is the graph which shows the displacement distribution Ul of the 
depth direction of a substrate in case a substrate front face is an electric short circuit, U3, and the 
simulation result of the potential distribution phi so that the propagation direction of a surface acoustic 
wave may become (0 degree, 47.3 degrees, 90 degrees) on a tetraboric acid lithium single crystal substrate 



front face. 

[Drawing 231 It is drawing showing the surface-acoustic-wave equipment by one example of this 
invention. 

[Drawing 24l It is the graph which shows the passage frequency characteristic of the 
surface- acoustic- wave equipment (a logging angle and the propagation direction are (0 degree, 47.3 
degrees, 90 degrees) by Eulerian-angle display) by one example of this invention. 

f Drawing 251 Phase velocity vp at the time of changing standardization thickness h/lambda of an 
electrode in the surface-acoustic-wave equipment (a logging angle and the propagation direction being (0 
degree, 47.3 degrees, 90 degrees) by Eulerian-angle display) by one example of this invention It is the 
graph which shows a measurement result and a simulation result. 

[Drawing 261 Electromechanical coupling coefficient k2 at the time of changing standardization thickness 
h/lambda of an electrode in the surface -acoustic -wave equipment (a logging angle and the propagation 
direction being (0 degree, 47.3 degrees, 90 degrees) by. Eulerian-angle display) by one example of this 
invention It is the graph which shows a measurement result and a simulation result. 
[Drawing 271 In the surface-acoustic-wave equipment (a logging angle and the propagation direction are 
(0 degree, 47.3 degrees, 90 degrees) by Eulerian-angle display) by one example of this invention, it is the 
graph which shows the measurement result and simulation result of a propagation loss L at the time of 
changing standardization thickness h/lambda of an electrode. 

[Drawing 28l In the surface-acoustic-wave equipment (a logging angle and the propagation direction are 
(0 degree, 47.3 degrees, 90 degrees) by Eulerian-angle display) by one example of this invention, it is the 
graph which shows the measurement result and simulation result of the frequency temperature 
coefficient TCF at the time of changing standardization thickness h/lambda of an electrode. 
[Drawing 29] It is the graph which shows the passage frequency characteristic of the 
surface-acoustic-wave equipment (a logging angle and the propagation direction are (45 degrees, 40 
degrees, 90 degrees) by Eulerian-angle display) by other examples of this invention. 

[Drawing 301 It is drawing showing the various cross-section structures of the tandem-type electrode of 

the surface acoustic- wave equipment of this invention. 

[Drawing 3ll It is drawing for explaining an Eulerian-angle display 

[Description of Notations] 

21 ••■ Piezo electric substrate 

22 - Input tandem- type electrode 

23 - Output tandem-type electrode 

24 -- Metal membrane 

25 - Electrode finger 

26 - Insulating layer 

27 - Insulating layer 
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5° . 3 0° -9 0° , 4 0° ~9 0° ) SsXTf-Ztlt 

[0 0 19] g2 0*J893l£j:&#tt$3iR£a 

e«5^(6j^^7^|^-e (0° -4 5° , 3 8° ~5 

5° . 8 0° ~9 0° ) isXXf^int^m^mSf^^j: 

Wr&, f±m,&fc<Dmmx-hz>mm® i QmvMk una, 

(Oil), (34 5), (25 5). (231), 

(356), (112), (123), (2 33), 

(134), (122), (23 4), (023), 

(1 4 5), (1 5 6), (1 6 5), (3 4 7) /it' 



(4) 

6 

[0 0 2 0] £<bfc, flE*S«<©£E(0$l?HtiLA*5.fc 
tf#14^EfeWfctfi#|6j#3j--f 7^**T- (0° ~4 5 
° , 4 5° ~5 0° , 8 0° ~9 0° ) tzXrfZtltm 

fc, SWPtbUBi: LTfi, (Oil), (3 4 
5), (255), (231), (356) &2?£JBV* 
5iiij»fl*U». &&$J9tHLBt L-C (0 1 

1) BSrfflV^r i/6ST-#5«Sfflrt, -T^t>*>, ^7 
io ^S^t? (0° —2° , 4 5° ~5 0° , 8 8° ~9 0 

[00 2 1] «iJJ7A'S=JrAft^ 

&ffi«^©*ffi&te«rt-5SH4SEft (*SAW) ^ 
20 irSrT-a'JL, fa L 

[0 0 2 2] #SAWte, y -*-i£<£>St&£g{C$gJg 

2««<0«a&£#{C#£Lfc««j£& 

(f mz.w&) tf£<o, mm 

SAWOi'^W-v'ayfli, -hJBLfcS*: (3) , 
(4) *5t (1) , (2) CftAUT, «*«ck:lt*b 

30 (fl©IWM^i2©««») (cm 

Lit. *sAwit 2«s«m 

[0 0 2 3] Z<0£?1tCVX-&t!>1tffiam&vi>->>tb > x 

*L. ««»al«*TCFS;*ftfc. rtl^ijttljt* 
40 v p> «fflWM&frftftk2 , eDStft^L, Jg&£ci&« 
^TCF4:j5cS;t^-r o 
[0 0 2 4] 
[£c7] 

• 1 



Re(l/v) 

[0 0 2 5] 
[SC8] 

50 
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(5) 



k 2 = 2 



po 



[00 2 6] 
[&9] 



L=2jX8.6 8 6 X 



Ib(v) 
Re(v) 



d B/A 



10 0 2 7 1 
[»1 oj 



TCF = 



d v 



d T 



£ _ 



r^X% v po> v ps (4, ^ti^I^SSiWTO, tt 

u, 0, «) x'&WkZhtcw&iz®:, izmm®;, mm 

[0 0 2 8] r:iT\ (<f>, 0, 0) (Co 

l^THI3 1 Srffll^Tf^-f 5<, HI t 
(£, Xi £#t£S?ffifi?>Ki82ffa, X 2 5rffimS«^H 
(C^SftSPttSlE&WfcttLfffaXi (cSHt^fi, X 
3 £Xi 3o40*X 2 (csffi&^isii-rs,, Xi , X 2 4S 
4t>*X 3 &*H*fixiteiM*0>X» Y*sJ:tfz (*fc(4, 
a, b, fc-itfc) -efestf, sno^7ft (0 
° > o° , o° ) t-tz* *-fx 3 tt^^watswt 

SiSjSt©e«6*-f6lXi SrX^feY*|S]»c*fc*«tlHlte$ 

X 3 *li*Ztt*»e>Sl*tf*rfilfcfl^tlHl(ES-frS 0 *L 
r, 0te$-&fcx 3 i^ti^ LttroiSgirttfi 

[0 0 2 9] jfcld, ->5 ^ l'— ->a >*£*(coi,>TEl2 
2Srffl^T^W1-?) 0 EI 2 7iSHI 4 (4, Eli? 

zw&tfMf&ztitcw&mtiafemmc&^x. w&m& 

&<DemjjfaZ*J y^mmx- (o° , e, 90 s ) i 
U *flEeSr*^$*fc»fr«>Siitt*iii»©fi[ffia«v 

[0 0 3 0] * S A W<DfitfB]fiSf4, HI 2 (C^t" 4 9 

M9^kUtSt5 0 0 0~7 5 0 0ra/s 
ectMllglt'fcO, ^/W^SECDjit^jSEJ; 9 tit 
<. ^!&<^if@itg&iffi;t5C.£l4&V\, HI3(£ 
^-T4?(C, #S AWIiftSfl^2 5° -9 0° <Z>j£l^ 
:*J^T3g£L."C*>9, A«9^38° -7 0° t? 



140. 6%&(±, ^Se/JMO" -6 0° .-Cttl% 
[0 0 3 1] Lfc#oT, *S AWIi, ftS9Ai3 8° 

-5 5° ©«sBfirt-e««««ite-&«»as*#<, *»oe 

3. «rfc» ««*45' -50° W 

{4, f< &J4;fcS AWJcJt-ijfa 1/2C3 0 0 0 — 
4000m/sec©Stt?&5©-C, D-*-8t(4# 

[0 0 3 2] HI5 7!;MHI7(4, #te*ffitt<&£«;tf6l«: 
(is' e, 90° ) ii, MeSr 

fc, HI875MHI 1 0(4, #tt*ffitt©e»*|6|S:*-r5 
(3 0° , 9, 9 0° ) i U A«0Sr^k$ 
*fc»£-©fl«|jS&vp , k 2 n 

i*LO->5al/-v'aygIt^ 0 £b(£, mil 

jbmmi 3(4, ^i4*sjgwej»*[6]S-^--f7^^-t? 

(4 5° , 0, 9 0° ) tU A«9*«-fk**fc*d- 

so [0 0 3 3 ] rtbibllI2 7I»SEI 1 ZfrhWbfrtei. 0 

U, 0, ro£*<M-B8fi*ft< . £^0 25 3 0 
° -9 0° rotgfflrtJC^VTfirffijtffiWjiV^S AWiS 
#&U SS8i!)! 3 8° -5 5° W«Sfflrt(C*j^-C, * 

s Awii, >mm.mm<. m%mw&&&mti*z 

5° -5 0°. <75|5ffl(c4o^T(4, #S AW(OfcMli»c(4 
$b(C/h$l,\ Sfc, *S AW<73&ffiififfi(4, 

40 [00 3 4] ftlc, EfiS© (01 1) ^s'H (t 
^7^^T' (0° , 4 7. 3° , ) (iiottSPtt 
*ffiSE©e««H4Srv'5 a u-->a >ff»Lrt 0 HI 1 4 
7iSHI16»4, ^-'f'y^^-C- (0° , 4 7. 3° , 

[00 3 5] *SAW<OtttB)t*(4, 111 4(C^1"J;9 
IC, M0«:»Lt{)^C7OOO~7 5OOm/s 
e c i^^fC^iiT-foSo HI 1 5(d^1-<t 5 

so *SAWIi, ftS<>i ! 4 0" -9 0° <0®Sffl{C*5^T# 
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ftU M*^8 0° ~9 0° W^ffltC^^TiS^®^ 

biT/So HI 1 6 ICtjH-J; 5 

If, *SAW<oe^t»^(4. M^S8 8 0 ^9 0° IC 
*5t>T^{C{g;<7i:5. Lfc^ot, *SAWI±> £g 

[0 0 3 6] jjctc. #tt«IiS©et*[fii^t'i' 
*t (0° , 4 7...3" > 9 0 ? ) X*hZ®&<D&&m 
®&o?e«8#ttSrv'5a.^-~>3 Vff^Lfc. 13 1 7 7!? 

vH-»c*5V>-c, Mlil^iwS 
ffiT?x 3 M«iS«t^fffo5ii: [x 3 »0K£ 
l^T, D 3 =0] SrESfeU m^M^irtt, 

[x 3 =0lc*J^T, O = 0] £1: 

[0037] mmcommh zw&m&mvm&x x&& 
itisitmmtimh/xzo. o%^be. o%K^t 

u hi 8 c^-r ± 5 t» «^a«^-a-#ic(4 1 . 2 % 

0. 0%^f>6. 0%<D|5HX«, 0 1 9 icm-f X b 
iCfcmM&teO. 0 1 d B/XSlTk&%\cm^k 

&t>t>*&. Sfefc, Btt^gflMRtt, 020^-rJ: 

««MfcJWiih/Aaso. 0%^P>5. 0%W«5ffl 

[00 3 8] JfcKl, *SAWOttKSr56m-r5fc*(-, 

112 l£t>*0 2 2(4. 3*ttSffi&03fe«B*lSl^^7^l 
St^t? (0° , 47. 3° , 90° ) MM (T 

©SIMtKS^ 3 %<£> £ # <D ~> S a. -> 
a ^*g*-C*>5. 112 1 ttW.%&)mMc<DWfe<Dft&1£& 
T*fc9. 0 2 2 <4S^ffi*&(0»-e-<7>H-^*Xfo5, 
02 l&tf02 2 ICjol^T, ISWlte^&Ui (xi ^[6] 
O&fr) ^£tU 3 (x 3 %iP}<D&ffi , #M££<t><7) 

[0039] 02 1, 02 2frbWbfr'te£o\z. 8M4 

St/#tt*ffiiS[»e«l*l6]Sr^--< 7^*^X (0° ~4 
5° , 3 0° -9 0° , 4 0° ~9 0° ) )o£ZfZ:h,k 

[0 0 4 0] Sfc, S&2»#5SWK:.fciUf» B3t$^^y 



(6) 

^■>>A*fe*»E©Sl9 tti Ufc&«fc0#t£SBi!£<EH£JK 
jjm&l-J yfigc^X (0° -4 5° , 3 8° ~5 5 

° , 8 0° ~9o° ) &£xf*tikmffitmwftk ufc 

[0 0 4 1] &?>»C S ^<£>ffill£r (0° ~4 5° , 4 5 

° ~5 0° , 8 0° ~9 0° ) tsjLXfZtikmtotetoM 

[0 0 4 2] Hta^^y ^^A^f B (i,^4m 

^-T5cDT% ±«*^5ftt?*Ufc*lSH± (0° -36 
20 0° , 3 8° ~5 5° , 8 0° ~ 1 0 0° ) t£i><DQfa 

[0 0 4 3] 

2 375^02 8S:ffl^TtftM-t-S. *^ii^Jlc <t 

SB»s*^02 3(c^ 0 *ntfefi»jo#tt*Bisse 

tth^y^-t^^^Tfe!), (Oil) 

ffi-c*>seg»s5»y^-^^iMSftii»e><c-5JE«»K2 1 
£O^B(c, fl;M^*SA./8cD^'^'/p^ ^^x-t' v=^/wfl; 
S*»fe*5A^»««S2 2 k^-hmBWl 3AWI& 

[0044] A^jfip^m® 2 2 s mtlffiMWk 2 3 ti\ 
^rtu^'ix, 2 0f, Jl«8Aim (tSlfSbm) . M 
P*4 0 0 M m-efc9, Ptt^BSEW-eftS^fPl^^ 7 
nm^V (0° , 47. 3° « 90° ) kt£Z>Hot£ft 

£\cM&&tix^z> 0 AtiBmnm2 2, mxffii&mM 

2 3. MI2 4I1, [i3CJ*£<737VU$-?A)SI(;:J;i!) 

[0045] »tt«B»©e«aa[f4, aiiiii««5:#tt 

^ffiRtt, «S*ffi©JfcHT K 5 y ^ J: 9 MtE L. 
#^B&OfeMa*f4, 1 0 0 A UttJIl 

tt^BftOiKft) > 200A., 300A t^^Lfc^#(0 

[0 0 4 6] H2 4I1, T/i'$.=-'}£m<Dm&ti i l 7 7 
nm mWt^&k LT2. 2%) , •fSaSSS^S ^ /45 8 

so 2 4*^585)^^7^, ^K»8 3 2MHz(75jiS 
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ic #sAwm*tj& Lfcfc'-^asgux-ci^s. ^<t?*s 

A WOff A«i*ctt 13. 7dBi/]^<, £flti££tt 6 
6 5 6m/s e c t icM'&X' h Z> 0 
[0 0 4 7] JUa£$t4 0 OMH z^&ttl-. 

CDff A»&I3 2 4. 1 d B "C, 3 2 0 4m/ 

s e cX-fe5o #SAW&t>*u-f' y-&£<b, mMkWr 

it>KI2)2 5, 1112 6, 1212 7, HI 2 8 Ic^ti^'faffi 
[0 0 4 8] EI 2 5 75MI2I2 8 fr<bW bfrtt X 0 3£ 

6 6 5 0 m/ s e c S£, «£lftl*i&&fii&tt 2 . 8 % 

sa, e*sa^«o. oi6dB/iss, tcf«+ 

3 0 p p m/tiS©e»l4^#^5. 
[0 0 4 9] #cfc, *«WOteO|j*«fcJ:S#i4*B 

t£*Bi£Sl«li, 023 fc^#tt*iHft§S11i: Fl# 

m, mi oW)^VJ*&.m&frhte%&n&>&2 1 

BK, A^)»«^2 2 tta^«5^m«l2 3^ffM$ 
ix, ^ttP>A*«ii^llffi2 2 ttb^)«i^*®2 3RS3©fc 
fl&$M£K&JllK2 4^fig$ttT^5c J£«S«2 1© 

^X (4 5° , 40" , 9 0° ) .-Cfct), teW«^«Hfl 

[0 0 5 0] 12 911, T/U5 = ^A^[rojgJf:^2 4 5 

nm (mmtmmtLX2. 2%) , e»«swft$^8 
0 0 v xn<D^<DmmmfoWfc\&.<omfefe%zX'hz>. m 

2 9frt>Wbfrt££ .0 f-, JI)i&tfc8 8 3MH z WfiB 
{£, *SAWtC*fJ^Lfcf— ^^ah-TV^. iKTXfcS 
A W(D#Aa^li 38. 5dBi/hS<> fcil&iigte 7 
0 7 0 m/ s e c t Pp^CmMXh 9 , tt«»t*i|g-£tit 
Sfcttl. 6%-T?$>5, 
[00 5 1].ifc, MSt3 8 9MHz«&t(CH'!J 

IfAti&fi 2 5. 6'dBt, ejRiSfttt 31 lOm/s 
ecfW. *SAW»OfWy-*i:t. H*fe*tt 

b-fa* <T>&B1fi sfmvh -5, 

[0 0 5 2] ±|EHJ60iJ-e«, E«S^2 1<E>3?BKA 
2 2,. tt5^l«5»«®2 3£|2I3 0 (a) iCfp 
1"J:5fc» #ttIHEif©|ISIS2 1^BK«5S»« 
122, 2 3(D%itB2 5SrBS?KfiS;LTl'>-5^, 03 

1213 0 (b) K^-r«fc 5 It, «ffifg2 5«FrB*S i 
0 2 , Al 2 03ftf©*fe&Jf 2 6-ea*-Ct>«tt>. * 



12 

fc, 1213 0 (c) IC7S-f J; ti}|2 5±flc*S i 
• 0 2 , Al 2 O3 fci?CD*&&Jf 2 7-CS»TtJ:^. * 
fe, 1213 0 (d) (CTfc-fJ: ffia*« 2 1 ±MJKj5fe 
$^ti2 7±icm&J§2 5«^LTtJ:i\ £ 
fc, 1213 0 (e) fc*-*\fc3fc, J£«St£2 lS?B£i® 

1213 0 (c) (d) (£:fotf5fl;4g«l 

.10 [00 5 3] ^fc, #tt«SfiSiaotti^«ffi«r«^-r 

[0-0 5 4] ±fBHJSMW^tt^B^«tttM 
(I IDT«iS) CDP14^Bg?SSI-t> 

[0 0 5 5] 

14«Eft»e*R*l6]*d--r7^**-e-(0° -4 5° , 
3 0° ~9 0° , 4 0° ~9 0° ) ioiU^ftir^ffifc 

-St J: 9 t*^i<S**#tt*iBaSS:fi]ffl bfc#ttjSBiS 

[0056] $fc, f 2<0*S^ICttlll WtZ^mV 

^TSlSr^^^^T (0° -4 5° , 38° -55 
0 , 8 0° -9 0° ) toXTfifrk&ffitei&mfti: Lfc 

40 [00 5 7] $P>(r, -(DtSffl^ (0° ~4 5° , 4 5 

0 ~5 0° , 8 0° -9 0° ) tsx'xfztikmi&ttiism 

#, fia#tttcffittfc#tt^B&SIB^^mi-6r 
X°$ 5„ 

so [00 5 8] IfciSot, *^sy!lwj;ix«, e«R)Sg*s 
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[1211] #tt*ffift©->5al'-5.'3l'K:JB^.5&«3R 

(o* , e, 9 0° ) oaso ^Htstfc* 

e«*f6l (0° , 0, 9 0° ) ro^Se 4r^-fli$*fc* 

(o° , e, 90° ) 0>a*e$r£fl:£*fcii 

[115] 0K5«y^*-MMg&S«*Bfc7A'5-* 

(is' , e, 9 0° ) iDfime zmtz^ttz. 

[H6] E3B5»y^-!?A*iteft»«3EffiteTA'5=^- 

£tt#i6r<i5° . e, 9 0° ) 
[0 7] eg(s^^y^i7A^g B B B s«*ffi[cT/u$ = -7 

e»*l6l (15° , 0, 9 0° ) W^gOfc^kSiirfc 
[12 8] E3»S5»y^»^**SftS«*ffilJ:r/u5 = ^ 
(3 0° , 0, 9 0° ) ©A«flSrSE<k**fc 
[1219] ^*A*iltftS**iSfcT^$ = * 



/4 

1>T, BgtS5^yf : -!7A^ig H |S«ro§3«?ffiUft*J«tU? 
(3 0° , 0, 9 0° ) ©flltfl 

*t^7 7ffc5, 

[[HlO] BK5»y? i **^****BifcTA'$ = 

twat*fii (3 0° , 90° ) oflieftWts* 

7X^5, 

[mi i] egt5 5^y^!?A*^ B ««*®tcr/us = 

*J^T, IH»5iiyf-^-t>*Jtefi»i©«J9aaLA*iJ: 
tfg«*[Rl (4 5° , 0, 9 0° ) ©A*fl*»b** 

. [12112] E3B5»y^-9Al|li|gft»K*Bter/P$=. 

20 *3^T, HH5Bfy?-^A*JfeHlS*©§3 9ttlLft*5j: 
tffcttS^fft (4 5° , 0, 9 0° ) <&a«0&£fl:$-Br 

&^7 7ffc5„ 

[12113] Ba9tt9^^A4MUUUt«iEicT^$=- 

-7 a & 1 -r 2> n,m tmat £ n/t*tt*nia8fli t 

fci^T, E3»5Ky>^AHUgflX«o9]9UJUA*s«t 
IW5*#IrI (45\ '6 1 90° ) ©A«flS:*<k$* 

7T'fc5, 

so [hi 4] m\z5WJ?-'?j»&i&&&m$m\£T/i'$.=- 
*i^r, m&imv ?-vj*m&M>w&<o ton) 

a 1^— > 3 yfeM^t^7 7-Cfc5, 

mi 5] wm5&))?'VJ»mi&&mL&mzT^?.- 
*j^-c, is«5»y^!>A*jtea»g(o ton)*? 

40 [mi 6] E(5 5^y^^A^Bia^B(cT^5- 

*sv*T, E(S5®?y^ ^A^jftftSK© (Oil)*? 

v-5 * u-i/a^M^t^77tfe5. 
[017] B3K5«y^-!?A**Sft»g«iiifcT^S = 

fel^T, HS5»y^*AJiiitN6««©SJ0 muftjaj: 
treW^lPlSr^ 7*1 (0° , 4 7. 3° , 9 0° ) t 

so Jvp ©->;al/-v/3ym*t^77T**5„ 
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7 A £ £ r -5 Sfi^^ $ ixfc»tt*an ttSflUfc 
We»*|6lS:*'r5A (0° , 4 7. 3° . 9 0° ) t 

[Hi 9] HR5ft!J?!r.AilMMStfSEK:7'A'S = 
7 A £ t $ 7i E8E=ge» 

0^*8*161*^7^1 (0° . 4 7. 3° ; 9 0° ) t 

-7 a £ t -r s ttsa'K$/£ $ ttfcPtt^B^seic 

tfBfajjfaZX-'f 7fi (0° . 4 7. 3° , 9 0° ) t 
Um&M T CFO->5aV->3 I*'*****?- ^ 7 7 1? 

-So 

^tO{E«S*(6]/6S (0° , 4 7. 3° , 9 0° ) (CftSJ: 

5 =l U-i/3 >i*^t^7 7t'fc5„ 
[02 2] KfS5Bfty^^A^a««^li^#tt»iS 
(0° , 4 7. 3° , 9 0° ) iift-SJ; 

s a u--> 3 yMf?:*t^7 7t*fc5. 
[HI 2 3] #«W©-*ltMfc«fcaaM4£li«§S*** 

9ffiL£&J:t>MKS&*|6]#^7^^T' (0° , 4 

7. 3° . 90° ) ) <Dmmmi&m^^irVyy^ 
[mu 



x 3 
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[025] *&w<D-mmmic£%$Ht&&&mm m 
•jmu**jj:otfi5»*isj^^7A**-e (o° , 4 

7. 3° , 9 0° ) ) {C*J^T. ««©»«MUSWh/ 
A. Sr«{k$-frfc»*OffitBifi« v p t f 5 a 

u->3VM*t?:*t^77ffc5, 
[02 6] ;^W<B-Sfc»Wfc* 5 («J 

0WLa#j:iW2*#ft#*-^7^**-e (0° , 4 

7. 3°\ 9 0° ) ) Klfc^T, ««©«*HUJWh/ 

[02 7] *3BWO-H16WfcJ:5#tt*iii««ll («0 
t>tHU^*5J:O^J8*[6)^^-W7^*^-e (0° , 4 
7. 3° > 9 0° ) ) fc*J^T. ©ffiWgMMfclgSJSh/' 

-V/3^It^t7*7 7-efc5. . 

[02 8] #«H©-Hffi«fcJ:$*tt*jB83Sfll («J 
9fflU^*5J:05€tS*[6ji6S^>f7^«*T? (0° , 4 

7. 3° , 90° ) ) i^i^-t, mmommtmmh/ 

i->5i V— is a y|g*i^f7*7 7t*fo5. 
[02 9] *^M©«l»lll6^JtcJ;5#tt^ffi&iSa 
(«09fflUA*iJ:tfe»*l6l*s^7«**-C (4 5 

° , 4 0°*, 9 0° ) ) ©aifi««SM«tS:*-i-^9 7 

[0 3 0] *%no#tt%Sfi%jB<DWlfttttOtt>«rO 
»fffi«it*^0T-feS o ' 

[03 1] *j 7fim^zmw-rztctb<Dmx-h?>„ 



2 1 ■ 




2 2- 




2 3- 




2 4- 


--.&JR1R 


2 5« 


■•*«» 


2 6- 




2 7- 


••*6»» 



[02] 




^ 7 - * — 1 — " — ■ — » 

0 5 tO 13 26 25 30 33 40 45 90 55 GO 63 TO 75 80 B3 90 
0 <deg) 
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[05] 

[me] 




_ 0.90 
^0.45 

m o.40 

S 0,35 
* 0.30 
« O.ZO 
»0.2O 

ato 

O.OS 

o.oo 



[07] 



A 



*SAW 



O 5 



10 15 20 25 30 35 40 45 50 55 80 68 70 75 80 85 90 
8 (deg) 



[08] 




3000 0 5 10 15 20 25 30 35 HO 45 90 55 GO 65 7D 75 BO 80 9D 
8 Ideg) 



[09] 



im i o] 




K> 15 20253035 4045505560657075808590 
6 <de$) 




9 IO 19 20 29 30 39 40 49 00 5060 69 70 79 80 83 90 
6 (deg) 
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(11) 




[El 1 3] 



[Ell 4] 




10 IS 2025 30 3S 4045 50 3*60 65 TO 75 SO 6590 
a ( deg ) 
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